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Abstract 
Freshwater fish communities were surveyed at 59 sites in the Mangatainoka, Makakahi 
and Ruamahanga catchments of the northeastern Tararua Ranges during 2000/01. At 
each site, habitat characteristics were recorded and fish identified by spotlighting over a 
100 m reach. Benthic invertebrate samples were also collected from 50 of these sites. 
Shortjaw kokopu (Galaxias postvectis Clarke) occurred at 16 sites, located in the 
Mangatainoka and Makakahi catchments only. Ninty-five shortjaw kokopu were caught 
in total, ranging from juveniles (:=:;90 mm) to adults (> 120 mm), with adults comprising 
approximately 75 % of the population. Six other fish species were also recorded. Koaro 
(G. brevipinnis Giinther), longfin eel (Anguilla dieffenbachii Gray), Cran's bully 
(Gobiomorphus basalis Gray), torrentfish (Cheimarrichthys fosteri Haast) and brown 
trout (Salmo trutta Linnaeus) all co-occurred with shortjaw kokopu; and a single banded 
kokopu ( G. fasciatus Gray) was found in the Ruamahanga catchment. 
Discriminant analysis found six habitat factors defined shortjaw kokopu presence. 
These were low percentages of debris jams, pasture and backwaters; high percentages of 
shrubs and riffles; and high conductivity. The invertebrate community also proved 
effective at predicting shortjaw kokopu presence. However, it appears that shortjaw 
kokopu are limited in distribution by recruitment rather than habitat. Different age 
classes of shortjaw kokopu were also found to use distinct microhabitats. Sand 
substrate, pool length, width at the top of the pool, velocity, gradient below the pool, 
and cobble in the habitat above the pool were found to discriminate between the age 
class microhabitats. 
At three sites in the Mangatainoka River, surveys were undertaken monthly, for 16 
months. Number of shortjaw kokopu observed was greatly reduced at all three sites 
during winter and at a maximum in autumn. This showed that shortjaw kokopu 
exhibited reduced activity rather than seasonal movements within the catchment. 
Three methods for surveying fish communities were tested on shortjaw kokopu. Gee-
minnow traps failed to catch any shortjaw kokopu, but electrofishing and spotlighting 
both proved effective. While spotlighting caught more shortjaw kokopu at more sites, 
no significant difference in performance was found between the two methods. 
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General 
Introduction 
F.E. Clarke (1899) on shortjaw kokopu: 
_ "rrfie thin[ wesdana species I enfarge upon, more frequent(y inhabits 
the s{uggish ana muaay-6ottomea creek§, but is also f ouna in company 'UJith 
(iafa;rias kokopu in the gravd-bottomea ana some of the rocky creek§. In its 
proportions it somewhat appro?(jmates to the aescription off asciatus, 
though it grows much farger, but seUom beyona 10 in. in £ength. It is not 
as haray in the aquarium as q. kokopu, ana has genera{[y the same feeaing 
habits, e?(f,ept that it aoes not takg, a suiface-bait as we{{. Strange to say, it 
is se{aom, if ever, troub{ea with the ffesh-worms before mentioned. I have 
aistinguishea this one with the specific name · of postvectis, on account of 
its percu{iar ana constant markings." 
Chapter 1. General Introduction. 
New Zealand has 36 recognized species of native freshwater fish, with two more 
recently discovered, but yet to be formally classified (RM. Alli bone (DoC 1: 
Wellington) pers. comm. November 2001). Seven other species of marine wanderers 
also frequent freshwater from time to time (McDowall 2000). Of these 36 species, seven 
are members of the bully family (Gobiomorphus spp., Eleotridae), three of the eel 
family (Anguilla spp., Anguillidae), two of the smelt family (Retropinnidae) and 20 of 
the family Galaxiidae. The remaining four species are lamprey (Geotria australis Gray), 
torrentfish (Cheimarrichthys fosteri), black flounder (Rhombosolea retiaria Hutton) and 
the now extinct grayling (Prototroctes oxyrhynchus Gunther). 
Many of New Zealand ' s freshwater fish require access to both marine and freshwater, 
commonly known as diadromy. There are three forms of diadromy: catadromy, living in 
freshwater but migrating to sea to spawn (e.g. eels); anadromy, living at sea but 
migrating into freshwater to spawn (e.g. lamprey); and amphidromy, migration between 
marine and freshwater but not related to spawning (e.g. torrentfish) (McDowall 1990). 
The galaxiidae family comprises five diadromous and 15 non-diadromous species. The 
diadromous species (whitebait) exhibit either catadromy, i.e. inanga (Galaxias 
maculatus (Jenyns)) or amphidromy, i.e. giant kokopu (G. argenteus (Gmelin)), banded 
kokopu (G.fasciatus), shortjaw kokopu (G. postvectis) and koaro (G. brevipinnis). 
Of the diadromous galaxiids, shortjaw kokopu are thought to be the rarest, listed as 
category A in the endangered species rankings (Molloy & Davis 1994). Sharing this 
endangered species rating are several New Zealand icons such as kiwi (Apteryx spp.), 
takahe (Porphyrio mantelli hochstetteri), black robin (Petroica traversi) and kakapo 
(Strigops habroptilus). Shortjaw kokopu are widely distributed throughout New 
Zealand, from Puysegur Point on the South Island's south coast, to Kaitaia in the north 
and Bay of Plenty in the east, but at any given location, they are generally found in very 
low numbers (approximately 1-3 fish per 100 m; McDowall 1990, McDowall et al. 
1996). Several factors have been suggested that may explain the rarity of shortjaw 
kokopu. They may be confined to specific rnicrohabitats that are rare (i.e. particular 
stream and substrate size), their activity patterns may not complement most survey 
methods (i.e. they are hard to find) , they may be rare through over-harvesting of 
1 Department of Conservation. 
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juvenile whitebait, manmade barriers to migration may affect access to adult habitat, or 
competition/predation by introduced trout may decrease populations. 
A diadromous lifecycle, like that of shortjaw kokopu, is beneficial for many species as it 
allows them to distribute around New Zealand's coastline, colonizing many rivers. This 
can be impeded however, if the rivers contain barriers to whitebait migration. These 
barriers can be natural , i.e. waterfalls and dry reaches, or manmade, i.e. dams and weirs 
(McDowall 1984, 1990). A diadromous lifecycle may therefore place constraints on 
habitat selection. 
Habitat quality is an important determinant of shortjaw kokopu presence (Williams & 
Given 1981, McDowall 1984, Swales 1991, McDowall et al. 1996). Many studies 
suggest forest cover of the stream is an important component of shortjaw kokopu habitat 
(McDowall et al. 1977, Eldon 1983, Eldon 1984, Nicoll 1984, Main 1987, McDowall 
1990, 1996, 1997, McDowall et al. 1996). However, other studies on West Coast 
populations of shortjaw kokopu have shown that shortjaw kokopu avoid forests 
dominated by beech (Nothofagus spp; McDowall et al. 1977, McDowall et al. 1996, 
McDowall 1997, 2000). Removing this forest cover is thought to be a major cause of 
declining native fish populations (McDowall 1984, 1990, Rowe et al. 1999), however 
the effects of exotic forest are less clear. Recent studies have found populations of 
banded kokopu in mature exotic forests (Hicks I 998, Rowe et al. 1999, Rowe 2000), 
although unmodified native forest is still thought to be preferred (Rowe et al. 1999). In 
the short term, these exotic forests act like nati ve forests, providing the overhead cover, 
humidity , and potential food supply required by banded kokopu. However, at a larger 
scale, exotic forests have several drawbacks. They have a limited lifespan (c. 25 years) 
before harvesting removes them, which in turn causes turbidity problems in the water 
(Rowe 2000). They also regulate the flow different to native forests, having higher flood 
peaks than native forest, but reducing water levels during dry periods (Hicks 1998). 
Banded kokopu , and galaxiids in general, are sensitive to turbidity (Boubee et al. 1997, 
Richardson et al. 1998, Rowe & Dean 1998, Richardson et al. 2001). Suspended 
sediments in the water restrict the migration of juvenile banded kokopu into these rivers 
(Boubee et al. 1997, Richardson et al. 1998, Richardson et al. 2001) and also restricting 
banded kokopu feeding (Richardson et al. 1998, Rowe & Dean 1998). Koaro were also 
found to avoid turbid habitats (Boubee et al. 1997, Richardson et al. 1998), but were 
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better able to feed in these habitats (Richardson et al. 1998, Rowe & Dean 1998), which 
was attributed to their dispersal into glacial silt clouded rivers. Studies on the other 
diadromous galaxiids habitat, including shortjaw kokopu, are limited, but are suggested 
to be similar to the requirements of banded kokopu (Hicks 1998). Substrate type has 
also been identified as important for shortjaw kokopu, particular the presence of 
boulders and cobbles (McDowall 1990, 2000, McDowall et al. 1996). Fine sediments in 
the substrate may also be a problem for galaxiids through its impact on preferred prey 
(Main 1987, McDowall 1996, McDowall et al. 1996). However, more work is required 
on the habitat needs of shortjaw kokopu. 
Migratory access is a problem that faces all diadromous fish, including shortjaw kokopu 
(McDowall 1984, 1990, 1998). Based on analysis of NZFFD2 records from the South 
Islands, West Coast, McDowall (1998) suggested that most of New Zealand's 
diadromous fish are found at low altitudes and short distances inland. In contrast, non-
diadromous species tend to be further inland and at higher altitudes. While some 
diadromous fi sh, including shortjaw kokopu, are capable of significant inland 
migrations , McDowall (1998) found that most individuals colonised suitable habitat at 
downstream sites. He reasoned that, particularly for shortjaw kokopu, this was because 
of abundance of suitable habitat near the coast. Joy et al. (2000) found a similar altitude 
relationship in Taranaki ; however, shortjaw kokopu were found more commonly further 
inland. Jowett & Richardson (1995), Jowett et al. (1996) and Jowett et al. (1998) also 
found similar trends for shortjaw kokopu. 
There are many methods used to survey fish communities, including those with 
shortjaw kokopu present. Electrofishing machines are an effective non-lethal means of 
surveying and identifying fish in an entire stretch of river, catching many of the species 
in the community. However, R.F.G. Barrier ((DoC: Wellington) pers. comm. October 
2001) has suggested that electrofishing is not a good estimator of some galaxiid 
communities because many species are either not caught or only in small proportions 
relative to their true abundance. In the case of galaxiids, including shortjaw kokopu, 
daytime refuge may mean hiding under rocks, so electrofishing will still stun them, but 
may not extracted them from between rocks. For some diadromous galaxiids, especially 
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shortjaw kokopu, spotlight surveying is a suggested better method (R.F.G. Barrier 
(DoC: Wellington) pers. comm. October 2001). This method allows nocturnal fish 
communities to be surveyed during their active period. Other methods of fish 
community surveying are the use of traps and nets. However, these require fish to move 
around to encounter the traps . Highly territorial or site attached species may be under-
estimated by trapping. Shortjaw-kokopu are often found in the same or neighboring 
microhabitat between survey trips (e.g. Caskey 1999), so setting traps in one 
microhabitat may not catch the shortjaw kokopu from nearby microhabitats . However, 
more information is needed to determine the best method for shortjaw kokopu 
surveying. 
Most native fish , including shortjaw kokopu, become harder to find during winter 
(Cadwallader 1975, R.F.G. Barrier (DoC: Wellington) pers. comm. October 2001). This 
is a problem in all survey methods, but especially in spotlight surveys, which require 
fish to be active within their habitat. Some salmonids are known to become nocturnal in 
low water temperatures (:S5°C), regardless of the length of daylight. However, 
diadromous galaxiids in New Zealand are already nocturnal (McDowall 1990). A non-
diadromous galaxiid, Galaxias vulgaris Stokell, has been found to have peaks in 
activity relating to time since darkness fell. For the diadromous galaxiids, this may 
partially explain the perception that they are hard to find, surveys have been undertaken 
at the wrong times. Other observed patterns are of reduced activity during winter. 
However, for shortjaw kokopu, only seasonal growth rates have been studied (Caskey 
1999), with annual activity pattern requiring investigation. 
Introduced trout have often been described as a limiting factor on native fish 
distribution, including shortjaw kokopu (McDowall 1984, McDowall et al. 1996). 
While not excluding adult shortjaw kokopu from specific habitat, McDowall et al. 
(1996) argues that trout hold the competitive advantage and do prey on juveniles. 
Brown trout are known to feed on migrating whitebait shoals (McDowall et al. 1996); 
and while there is no direct evidence of trout predating shortjaw kokopu whitebait in 
particular, Eldon (1983) surmised that in rivers which support large numbers of 
shortjaw kokopu whitebait (e.g. Buller River), trout predation on shortjaw kokopu is 
2 New Zealand Freshwater Fish Database, maintained by the National Institute of Water and Atmosphere 
(NIWA ; McDowall & Richardson 1983). 
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highly probable. Unfortunately, this problem is difficult to control, especially for 
diadromous species with a need for sea access (McDowall 1984), so further work is 
needed into the effects trout have on different size classes of shortjaw kokopu. 
1.1. Study Area 
All study sites are located within a 100 km2 region of the northeastern Tararua Ranges, 
North Island, New Zealand at approximately 40° 40' S, 175° 30' E. Three main 
catchments drain the study area, the northern flowing Mangatainoka and Makakahi 
Rivers, and the southern flowing Ruamahanga River. The Mangatainoka and Makakahi 
Rivers are tributaries of the Manawatu River, which flows to the west coast of the North 
Island, while the Ruamahanga feeds into Cook Strait. The lower Manawatu River has a 
series of barrage dams at several sites upstream of the Manawatu Gorge (Anonymous 
2001) while the Ruamahanga has a barrage control gate at Lake Wairarapa. 
All three rivers originate m the largely unmodified Tararua Forest Park. At lower 
altitudes, the canopy is dominated by red beech (Nothofagus fusca), intermixed with 
podocarp forest. At higher altitudes, red beech/podocarp forest is replaced by kamahi 
(Weinmannia racemosa) and leatherwood (Olearia colensoi) shrubs, in the 
Mangatainoka and Makakahi catchments, and by silver beech (N. menziesii) in the 
Ruamahanga (New Zealand Forest Service 1976). In the Tararua Ranges north of the 
main Mangatainoka catchment, all beech species are absent (Rogers & McGlone 1994). 
The Makakahi River also flows through an exotic tree plantation (Pinus radiata) at the 
park boundary . 
The documented fish community of the three study rivers in the northeastern Tararua 
Ranges has been relatively unknown until early 1999 when a large population of 
shortjaw kokopu was discovered in the headwaters of the Mangatainoka River 
(Anonymous 1999) (Table 1 ). However, the Mangahao River, one of the neighboring 
catchments of the Manawatu Rjver, has been heavily surveyed (Table 1). This is 
because of the desiltation process required for the power generation dam on the river 
(Boubee et al. 1995). 
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Table 1. Fish species recorded from NZFFD records of the northern Tararua Ranges up 
to and including the discovery of a large population of shortjaw kokopu (Anonymous 
1999). 
Common name 
Scientific name 
Lamprey 
Geotria australis Gray 
Longtin eel 1 
Anguilla dieffenbachitj Gray 
Shortfin eel 
A. australis Richardson 
Common smelt 
Retropinna retropinna (Richardson) 
Shortjaw kokopu 
G. postvectis Clarke 
Banded kokopu 
G. fasciatus Gray 
Koaro 
G. brevipinnis Gunther 
Dwarf galaxies 
G. divergens Stokell 
Brown mudfish 
Neochanna apoda Gunther 
Common bully 
G. cotidianus McDowall 
Redfin bully 
Gobiomorphus huttoni (Ogilby) 
Upland bully 
G. breviceps Stokell 
Gran's bully 
G. basa/is Gray 
Torrentfish 
Cheimarrichthys fosteri Haast 
Brown Trout 
Sa/mo trutta Linnaeus 
Mangatainoka 
River 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
Makakahl 
River 
✓ 
✓ 
✓ 
Ruamahanga 
River 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
Mangahao 
River 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
In this study, habitat features and invertebrate communities that characterise the 
presence of shortjaw kokopu in the northeastern Tararua Ranges are investigated. 
Habitat characteristics are examined in relation to the presence of three age classes, 
particularly juvenile shortjaw kokopu. The seasonal activity of shortjaw kokopu, the 
associated fish community and the best method for surveying shortjaw kokopu is also 
examined. 
This thesis is presented as four individual papers. This has resulted in some repetition in 
introductions and methods between chapters. Part of this work has also been partially 
presented in a report for the Department of Conservation (Bowie & Henderson 2002). 
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